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PURPOSE OF TEE STUDY 

This model study was made for the purpose of developing a 
s t i l l i n g  basin which would adequately diesipate the energy of the high 
velocity flow issuing f'rom the Tiber Dam river outlet works high pressure 
sl ide gate and pivot valve, and t o  determine the best placement of the 
gate and valve. 

1. The recolmaencled s t i l l i ng  basin 8s shown i n  Figure 10 vill 
operate sat isfactori ly for all flows up t o  the maximum discharge, 1,400 
cfs. For the maximum discharge the tail water elevation could vary 
between 2825 .6 and 2831.5. This bbcsin should contain (a) nlne chute 
blocks on the davnstream por t ion  of the parabolic chute floor, (b) six 
baffle piers 12.13 feet  downstream FPon the chute blocks, and (c)  a 
dentate& s i l l  near the downstream end o f  the basin. 

2. The pivot valve je t  w i l l  cause soae turbulence and splash i n  
the basin (Figure 9~). This rough water is not considered harmf'ul or 
otherwise objectionable. 

3. The indicated scour in the loose aand model channel floor 
immediately downstream fran the basin was about 3 feet deep after about 
10 hours of operation at maximum discharge, 1,400 cf ra , and minimum tail 
water, elevation 2825.6 (Figure 12) snd about 2 feet  deep for the same 
time and discharge at maxiPlum tail vater , elevation 2831.5 (~ igure  13). 



Tlber Dam is located on the Marias River i n  north central 
Montana and i s  a part of the Missouri River Basin Project ( ~ i g u r e  1 )  . 
The dam is an ea r th - f i l l  structure about 4,350 fee t  long and 200 feet 
high w i t h  the cres t  at elevation 3021.0. The flood control spillway, A 
with a maximum capacity of 51,700 cfs ,  i s  located at the r ight  abutnlent 
of the dam. 

- . . 
I n  an ear ly  plan, a canal out le t  works was located a t  the l e f t  

abutment at elevation 2955.29 (Figure 2). A 6-foot-diameter pipe fo r  
future power developnent was loce+,ed t o  the l e f t  of the spillway and had 
an intake s i l l  a t  elevation 2870.0. This pipe was used fo r  r iver  diver- 
sion during construction of the dam. A 22-inch outlet  conduit paralleled 
the pipe between the gate chamber and valve house and was controlled by 
an 18-inch but ter f ly  valve (Figure 2). 

As construction of the dam neared.completion, it was found 
necessary t o  use the 6-foot-diameter pipe a s  a r iver  outlet  conduit and 
abandon plans fo r  the c d  outlet  works. This proposal-necessitated 
the ins ta l la t ion  of a 5- by 5-foot high pressure s l ide  gate at the 
clmstreau end of the 6-foot conduit, and the design of an out le t  works 
s t i l l i n g  basin t o  dissipate the energy of the flow fram the high pressure 
gate and from the 18-inch pivot valve. (The 18-inch butterf ly valve of 
the  original design had been replaced with an 18-inch pivot valve.) 

High pressure s l ide gate. The 5- by 5-foot high pressure 
s l ide gate with the  downstream invert of its frame at Station 37+54.71 
and elevation 2823.06 was t i l t e d  downward l5O. The piping t o  the sli& 
gate consisted of a 72-inch-diameter conduit, a 72-inch-dlameter , 15* 
ver t ica l  bend of 30-foot radius, and a 72-inch-diameter t o  60-inch-square 
transition. 

The s t i l l i n g  basin. Beginning at the gate, the chute f loor 
sloped domward 12"22 ' f o r  55 feet ,  the baain f loor continued horizontal 
fo r  51 feet, than upward on a 6:l slope for an additional 26 fee t ,  
lnaking an overal l  basin length of 132 feet.  The width of the basin 
increased froer 5 f ee t  &1/2 inches at the gate t o  24;Peet a t  the down- 

\ 

atream end of the  12'22 ' slope, then continued at this width t o  the end 
of the basin. . 

Energy dissipating devices. The basin included 12 chute bloclso 
on the donstream end of the  l2O22' slope, 6 baffle piers  on the basin 
f loor 12 f ee t  downstream fram the chute blocks, and a dentated sill 33 
fee t  downstream from the baff le  piers. 
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Station 37+&7.02p~de1~a t ion  2827.19, 9 fee t  3 inches t o  the r ight  of ' 

the high pressure gate. The valve ras directed downward 15' and the 
axis  converged 9' with the gate center l ine.  The f loor of the pivot 
valve chute was 3 fee t  wide md i n  the same plane as the sloping gate 
chute floor.  

Model studies were made t o  assure the proper proportions and 
operation of the s t i l l i n g  basin and t o  determine the best placement of 
the  high pressure gate and pivot valve. Construction i n  the f i e l d  was 
progressing concurrently with the model study. Very close day t o  day 
coordination and cooperation between the designers i n  the Dams Branch 
and personnel i n  the Hydraulic Laboratory assured tha t  the contractor at 
the dam s i t e  would be informed of the design features a s  they were 
developed. 

THE IlWESTIGATION 

The Model 

The 1:15 scale model (Figure 3) included the high pressure 
s l ide  gate and pivot valve, a portion of the approach piping fo r  each, 
the e t i l l i ng  basin, and a tail box 10 fee t  wide and 16 fee t  long which 
contained an erodible sand channel, a t a i l  water control gate, and a 
sand t rap  ( ~ i g u r e  &A). Instrumentation consisted of a point gage for  
tai l  water elevation measurement, an 8-inch orifice-venturi meter for  
discharge determination, and a manometer and piezmeter tap for  reading 
the pressure head upstream from the pivot valve. Water vas furnished 
from the laboratory reservoir by a portable pump and returned t o  the 
reservoir a f t e r  passing through the model. 

Operation of the Preliminary S t i l l ing  Basin 

The flow at the ex i t  of the s t i l l i n g  basin was quite smooth 
and evenly distributed fo r  tail water elevations between 2828.5 and 2821.5 
with the gate opened 100 percent and with the max5mum design discharge of 
1,400 cfs,  Because of diversion releases at the prototype the excavated 
channel downstream from the basin could not be cross sectioned, and 
therefore the expected tai l  water elevation could not be accurately 
determined prior t o  the initial stages of the model study. A computa%ion 
based on the slope and cross section of the r iver  channel downstream f r m  
the ex i t  of the 1,800-foot-long outlet  channel indicated the tail water 
elevation fo r  maximum discharge might be as low as 2822.0, and it was 
thought unlikely tha t  it would be higher than 2828.0. Thus the prelimi- 
nary design basin would contain the hydraulic jump within the range of 
estimated tail water elevations. 



the general flow i n  the basin was acceptable, but a s  the tail water 
elevation increased the ro l l e r  upstream from the crest of the jump 
became increasingly turbulent. A t  t a i l  water elevation 2828.5 the 
surging flow of the ro l l e r  rushed against, and was forced away from, the 
gate frame with such violence tha t  the structure'might be endangered. 
When the t a i l  water was below elevation 2825.0 the flow from the gate 
spread the f u l l  width of the floor of the gate chute and impinged 
against the end of the r ight  retaining w a l l  of the pivot valve chute 
producing an undesirable high f i n  of water as shown i n  Figure 5A. 

Corrective Design Changes, S t i l l ing  Basin 

Chute f loor and walls. The cause of the unsatisfactory flow 
condition where the pivot valve chute entered the gate chute was * 

eliminated by making the right retaining wall o'f the gate chute con- 
tinuous past the pivot valve chute ex i t  up t o  the height of the water 
surf ace of the j e t  f ram the gate ( ~ i g u r e  5~). 

The preliminmy t e s t s  indicated tha t  the length of sloping 
chute dovnatream from the gate should be shortened t o  improve the 
operation of the basin at high tail water. The length of t h i s  chute 
could be decreased by directing the j e t  from the gate in to  the basin at 
cr steeper angle than the slope of the preliminary design; however, the 
gate could not be t i l t e d  a t  an angle steeper than 1 5 O  (as i n i t i a l l y  
instal led)  because of the physical rsst~.*ictions irrspsed by the pipe bend 
upstream and the location and elevation of the gate house. Therefore, 
consideration was given t o  changing the profi le  of the gate chute floor. 

The new gate chute f loor was parabolic i n  profi le  and followed 
the path of a f ree  j e t  tangent t o  the downstream end of tlie gate frame 
invert and with a velocity of 56 fps at t h i s  point, (Fifty-six fps is 
the velocity of the j e t  f r a u  the wide open gate at m a x h m  discharge.) 
!L'hia chute was 28.45 f e e t  shorter than the preliminary chute and 
intersec-bed the s t i l l i n g  basin f loor  26.55 fee t  damstrefun from the gate. 
The blocks, piers,  etc,, of the basin f loor were moved 28.45 fee t  nearer 
the gate. The side walls remained the same as i n  the preliminary 
ins ta l la t ion  which made the intersection of the diverging and the paral lel  % 

v a l l s  occur 16.45 fee t  downstream from the  baff le  piers. This ins ta l la t ion  
is shown i n  Figure 6A. . 

Plow conditions with t h i s  design were unsatisfactory; the j e t  
failed to spread the Rtll width between the diverging walls. A back 
eddy s tar ted  i n  the vicini ty of the baff le  piers  and traveled upstream 
next t o . t h e  diverging wsUs (Figure 6B) causing excessive turbule~ce  i n  
the r o l l e r  upstream from the crown of the jump, 



jus t  contained the spreading jet; These walls were continued un t i l  they 
intersected the  para l le l  basin walls 41.55 f ee t  damatream Froin the end 
of the parabolic f loor  of the chute. Flow i n  the basin with t h i s  design 
was f a i r ;  the r o l l e r  upstream f i a n t h e  cres t  of the jump was not as 
turbulent at high t a i l  water elevations a s  i n  the preliminary basin, but 
f a i r l y  large swells traveled through the basin and cwsed waves which 
severely eroded &he sand-lined c a d .  downstream. 

The diverging retaining walls of the  chute were replaced w i t h  
curved w a l l s  beginning tangent t o  para l le l  l ines  5 f e e t  6-112 inches 
apart a t  the gate frame and continuing on a radius of 133 fee t ,  
intersecting the para l le l  walls of the basin 40 f e e t  downstream ~ ~ C W I  the 
gate. The flow foliated the curved waUs a short  distance, but then 
separated t o  produce unacceptsble back eddies i n  the areas adjacent t o  
the  downstreem half of the curved walls. 

The parabolic chute f loor pemit ted a decrease i n  the overall  
length of the basin and also benefited the action of the jump. However, 
with the parabolic f loor tangent t o  the downstream invert of the gate 
frame, the diverging side walls extended a considerable distance down- 
stream from the  cres t  of the jump and had an adverse ef fec t  on the flow 
leaving the basin, as  noted above. The j e t  irom the gate apparently 
would not follow the curved retaining wa3ls. 

A ser ies  of t e s t s  were made i n  which the downward tilt of the 
gnte wae maintained a t  l5O, and the origin and ~ t h  of the parabolic 
f loor  were changed so tha t  the t q e n t  to  the floor at the  downstream 
invert  of the gate frame was 15O (tested previously), 12O, go, 6O, 3', 
and O O .  The profi le  of each chute floor followed the path of a Free J e t  
with an actual velocity of 56 fps at the donstreem end of the gate 
invert  ( ~ i g u r e  7 ~ ) .  Figure 7A shows the necessary placement of the 
diverging training walls t o  just  contain the spreading j e t  fo r  each of 
the s i x  f loor shapes tested. The chart, Figure 7C, shows the distance 

' from the gate t o  the downstream end of the parabolic chute, and f r a u  the 
gate t o  the downstream end of the diverging training walls for  f loor  
slopes between o0 and 1 5 O  a t  the gate. These values are fo r  a jet 
velocity of 56 fps a t  the gate w i t h  a drop of 12.06 f ee t  from the down- 
stream end of the gate invert t o  the horizontal basin floor,  and a basin 
width of 24 fee t  at the downstream end of the diverging walls. 

The action of the ro l l e r  upstream from the cres t  of the jump 
was similar for each of the tested floor shapes. The Mils i n  the flow 
downstream from the crest  of the jump were quite large when the slope of 
the chute f loor at the gate was 15O, not very pronounced fo r  a 1 2 O  slope, 
and not visible fo r  a 9' slope. Frm these tests it was determined tha t  
the end of the jump should occur i n  the portion of the basin with para l le l  
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chute was determined t o  be one i n  which the baff le  piers ,  and therefore 
the end of the jump, were near the s tat ion of the downstream end of the 
diverging retaining w a l l s .  For t h i s  basin with a tail water depth D2 of 
11 f e e t  (estimated minimum), the distance from the chute blocks t o  the . 
baff le  piers  should be 8.8 2eet.Y From Figure 7C it was determined 
tha t  a parabolic chute floor with a slope at the gate f'rame of 10' would 1. 

have a diverging w a l l  length about 8-1/2 f e e t  longer than the chute f loor  
length. Consequently, a chute f loor  following the parabola x2 = 
-188.906 Y, and sloping 10" at the downstream end of %he gate frame . , 
invert,  was instal led i n  the model. The downstream end of the chute 
floor was 33.93 fee t  from the gate frame, and -&e downstream end of the 
diverging walls w a s  42.50 fee t .  Nine chute blocks were instal led on the 
downstream end of the parabolic f loor ,  and 6 baff le  piers  8.75 f e e t  
downstream from the ends of the chute blocks. The dentated s i l l  was 
placed 42.5 f e e t  downstream from the chute blocks, and the basin f loor  
and retaining walls were terminated at the downstream end of the dentated 
sill. The general operation of the basin with t h i s  design was 
acceptable; the following refinements were made t o  obtain optimum flow 
conditions. 

Chute blocks. The axis  of the chute blocks i n  the preceding 
t e a t  was para l le l  t o  the basin center l ine.  The crest  of the jump warr 
somewhat higher at midstream than near the side walls and the r o l l e r  
upstream from the crest of the jump tended t o  osc i l la te  from side t o  
side because of t h i s  unsteady "crown" of water. When the chute blocks 

I were ins ta l led  on l ines  radiating from the projected intersection of the 
I side walls, the flow was more uniform across the basin snd the side t o  

side motion of the r o l l e r  was reduced, It appeared tha t  chute Qlocks 
mounted radia l ly  in  t h i s  manner would more nearly follow the l ines  of 
flow i n  the chute and therefore be much l e s s  susceptible t o  cavitation 
erosion than ones instal led para l le l  t o  the basin center l ine.  There- 

' fore ,  the nine chute blocks with the size,  shape, and placement shown i n  
Figure 10B are recornended fo r  prototype instal lat ion.  

Baffle piers. Six baff le  piers  2.66 f e e t  high and 2 f e e t  wide 
with 2-foot spaces between (Figure 1OC) were placed from 8 t o  15 fee t  
downstream from the chute blocks. For each position of the piers the 
t a i l  water *levation was varied through the range from the expected \ 

maximum t o  the expected minimum. Each placement w a s  disadvantageous fo r  
some tail  water elevation; however, a distance of 12.13 fee t  between 
chute blocks and baff le  piers produced the best operation of the basin 
f o r  average t a i l  water elevation 2825.5. This placement is the one 
recommended f o r  prototype construction and i s  shown i n  Figure 10A. The 
jump swept out of the basin at ta i l  water elevation 2821.8. 

YType I11 basin, Hydraulic Laboratory Report No. Hyd-399. 



(Figure 10D) was  used wlthout change throughout the model study. With 
the chute, blocks, and piere inetallkd as recommended above, the flow 
downstretun from the crest  of the jump became f a i r l y  s t ab leak l  f ee t  from 
the  end of the chute. Therefore the dentated s i l l  ms placed near t h i s  
s ta t ion  29 f e e t  from the baff le  piers  (Figure 1 0 ~ ) .  

The 6:l slbped concrete apron extension downstream from the 
dentated s i l l  i n  the  preliminary design was deemed unnecessary since the 
bottom velocities a t  the s i l l  were not excessive. This extension wers 
not included i n  the recommended design s t i l l i n g  basin. 

Hooked-type baffle piers.  Since the tai l  water elevation, 
which could not be precisely determined, might be ~ e r o u s l y  near the 
jump sweep out elevation fo r  the conventional baff le  piers,  a s e t  of 
hooked-type baffle piers was considered as a possible safeguard 
against jump sweep out. Figure 8C shows the dimensions and location of 
the piers  i n  the s t i l l i n g  basin. Figure 8A shows the  recommended basin 
but with the hooked-type piers  replacing the conventional baff le  piers. 
!he f l a w  i n  the basin w a s  similar t o  t h a t  with the conventional baff le  
piers ,  but the t a i l  water elevation at which the jump swept out was 1.5 
f e e t  lower. Figure 8~ shows the  basin operation at the maximum design 
flow of 1,400 cfs  and minimum tail water elevation 2820.3. 

Tbese hooked-tm baff le  piers  performed very well for low 
t a i l  water elevstions; hovever, the designers f e l t  t h a t  complicated 
fabrication and an apparent susceptibi l i ty  t o  cavitation erosion 
precluded t h e i r  further consideration for the Tiber D m  outlet  works. 

Pivot valve and chute. The pivot valve operation was satis- 
factory i n  the preliminary Lnstdlat ion (Figures 3 and gA) w i t h  the 
maximum design discharge of' Y5  cfs. The j e t  from the valve plunged 
in to  the stilling pool causing very l i t t l e  splash or  spray ( ~ i g u r e  4B). 
However, changes i n  the p i k t  valve chute were made necessary by the 
requirement that the r ight  ,retaining wall of the  gate chute be 
continuous past the pivot valve chute extt  as determined by the  tests 
of the gate chute. 

< ," 
The pivot valve chute-aa .&e horizontal by rais ing the floor 

of the chute 4.2 fee t  at its intersection with the r ight  basin wall. 
The valve remained as i n i t i a l l y  inutalled (~igure 9 ~ ) .  The pivot valve 
flow with t h i s  arrangement was unsatisfactory. The j e t  struck the 
horizontal f loor  of the chute and caused exceesive aplash and spray 
where it "skipped" along the  surface of the s t i l l i n g  pool t o m  the  
downstream end of the  left retaining rall ( ~ i g u r e  9~). 

YThe hooked-type baff le  piers  were developed f o r  the Carter 
Lake outlet  works, see Report No. ~~d-394, Figure 19. 



from the pivot valve should be directed downmd i n  such a manner tha t  
it would penetrate the s t i l l i ng  pool and not skip along the surface. 
Tests were msde with the pivot valve chute f loor removed and with the 
valve t i l t e d  downward 3', 6O, go, 12O, and 15'; the steeper tilt 
produced the best action of the jet.  Various convergencem of the pivot 
valve axis wlth the gate center l ine  were tested and the appearance of 
the flow i n  the basin was best when'this convergence wae about 6'. 
Figure 9D shows the pivot valve t i l t e d  downward 15' with its axis . . 
converging 6' wlth the basin center l ine  and discharging 115 cis .  This 
arrangement is included i n  the recommended design. 

Revised Tail  Water Elevatl'on 

Subsequent t o  campletion of the preceding t e s t s ,  diversion 
water at  the dam s i t e  subsided suff icient ly t o  permit cross sectioning 
the r iver  outlet  channel, The channel shape had changed considerably 
from the i n i t i a l  cut; a dike suff icient ly large t o  control the flow had 
been deposited about 250 fee t  downstream from the gate. A cmputation 
based on the survey indicated that fo r  the maximum discharge, 1,&0 
c i s ,  the tail water elevation would be 2831.5. 

The cum t a i l  water elevation of 2828.5 was Umited by 
the turbulent water i n  the ro l l e r  upstream from the cres t  of the 
jump surging against the gate frame and drowning the flow at the 
gate. The new reqqirement tha t  the basin ehould operate sa t i s fac tor i ly  
for  a tail water elevation of 2831.5 couild be met if  the gate and basin 
were raised about 3 feat.  

Reconanended Design S t i l l ing  Basin 

Slide gate. Construction work on the r iver  outlets  at the 
project was continuing concurrently with the model study and the 
contract for  fabrication of the 72-inch-diameter t o  60-inch-aquare 
t ransi t ion (?igure 3) had already been awarded., This t ransi t ion 
vas placed i n  l ine  with the 72-inch conduit, followed by a 30-foot 
radius, 15' bend, 5 foot square i n  crose section t o  which the 
high p r e s m e  elide gate was attached. This instal lat ion retained \ 

the 19' slope of the gate but raised it 2.93 feet .  

Basin floor. Since the probability of very low tail water 
no longer existed, the f loor of the s t i l l i n g  basin was raised froa 
elevation 2811.0 t o  2814.0, about the same aaount tha t  the gate was 
raised, i n  order t o  real ize a sa.ving i n  excavation costs. T4e change 
i n  the chute, resulting frua rais ing the basin floor,  was not 
aignif icsnt  . 



gate center l i ne  at elevation 2832.2 and-Station 39+54.7i. It was 
t i l t e d  downward l 5 O  and directed inward t o  converge 6 O  w i t h  the 
center l ine  of the basin. 

3 Operation. Flow conditions were satisfactory fo r  all discharges 
up t o  and including 1,400 cfs. With the s l ide gate fully opened and 
discharging 1,400 c f s  the flow conditions i n  the basin were acceptable 

. . fo r  t a i l  wster elevations between 2825.6, just above jump sweep out 
(Figure 1 2 ~ ~ )  and 2831.5 where the ro l l e r  upstream From the crest  of 
the jump backed up against the gate frame ( ~ i g u r e  1 3 ~ ) .  The pivot 
valve f l o w  was acceptable fo r  any tail water elevation. 

Scour. With the basin terminated at the downstream edge of 
the dentated sil l ,  the canal dometream was shaped i n  w e t  sand t o  form 
s trapezoidal chennel with side s l o p s  2-1/2 :1 and a bottom width -of. 
30 fee t  a t  elevation 2819.0 ( ~ i g u r e  1 1 ~ ) .  The model was omrated fo r  
10 hours (prototype time) at the piaximum design discharge of 1,400 
c f s  and minimum tai l  water elevation 2825.6, and e n  for  10 hours 
at maximum tail water 2831.5. I n  each caae the scour was pite deep 
at the toe of the basin and tended t o  undercut the floor. The basin 
f loor and side walls were extended 5 fee t  downstream fran  the end sill  
and the scour tests repeated. The flaw and scour pattern fo r  m i x h u m  
t a i l  water is  ahown i n  Figures 12A and 12B, and for maximum tail 
water In Figures 13A and 13B. Since the depth of scour at the toe 
of the baain was decreaeed appreciably by the 5-foot extension 
downstream from the end sill, t h i s  extension is recommended fo r  the 
prototype. 

The recommended r iver  outlet  works s t i l l i n g  basin (Figures 
10A and ll4) will operate sa t i s fac tor i ly  throughout the foreseeable 
range of discharges and tail water elevations at  Tiber Dam. The 
overall  length of the basin i s  86.00 feet--46 fee t  shorter than the 
basin of the preliminary design. 

r 









A. preliminary installation. 

~ e ~ o r t  Hyd- 

B. Pivot valve discharging 115 cfs . 

MISSOURI RIVER BASIN PROJECT--MONTANA 
Tiber Dam--River Qutlet Works 

Preliminary Stilling Basin Design 
Model Scale 1:15 



. Report  Hyd-402 

A. Pre l iminary  design--gate fully opened, Q = . 
1,400 c f s ,  T .  W. e l e v =  2823.0. Note fin 
caused by pivot valve chute. 

B. Right retaining wall continued 
through pivot valve chute.  Gate 
fu l ly  opened, Q = 1,400 cfs, 
T .  W .  elev = 2823.0. 

MISSOURI RIVER BASIN PROJECT--MONTANA 
Tibe r  Dam--River Outlet Works 

Flow disturbance in  the st i l l ing basin a t  the 
downstream end of the valve chute 

Model Scale 1:15 



A. View showing 4 baffle piers and 
6 chute blocks. 

B. Gate fully opened. Q = 1,400 cf s . 
Note improper spreading of the 
jet. 

MISSOURI RIVER BASIN PROJECT--MONTANA 
Tiber Dam--River Outlet Works 

Stilling basin shortened 25 feet, parabolic chute 
floor tangent to the gate invert 

Model Scale 1:15 

Figure 
deport Hyd 





A.  Pier installation. B. Q = 1,400 cfs, T". W. e l w  = 
2820.3. 

CLCV.tlQ 
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C . Hooked-type baffle pier details and -* 

installation dimensions. 

MISSOURI RIVER BASIN PROJECT- -MONTANA 
Tiber Dam- -River Outlet Works 

Stilling basin wiIh hooked-type baffle piers 
Modtl Scale 1:15 



A. Preliminary instal- 
lation, pivot valve 
tilted downward 
150 and converg- 
ing 9' with the 
gate center line. 

B. Pivot valve same as 
in A.  Pivot valve 
chute floor raised 
4.2 feet a t  basin 
wall and continued. 
horizontal back to 
the valve. 

C . Installation same 
as in B. Pivot 
valve discharge 
115 cfs, T .  W. 
elev = 2823.0. 

D . Valve tilted down- 
ward 15O converg- ' 

ing 60 with the gate 
center line, and 
placed 6 feet above 
the gate invert. 
Pivot valve dis- 
charge 115 cfs, 
T w s 1 n . v  = 9091 n 

MISSOURI RIVER BASIN PROJECT- -MONTANA 
Tiber Dam--River Outlet Works 

Conditions in Stilling Basin, Pivot valve operating 
Model Scale 1:15 





" Figure 11 
& ' Report Hyd-402 

A. Control struct& and 
stilling basin. 

B. Downstream channel before scour tests. 

MISSOURI RIVER BASIN PROJECT- -MONTANA 
Tiber Dam--River Outlet Works 

Recommended Stilling @sin Design 
Model Scale 1:15 



A. Gate fully opened, $ = 1,400 
cf s , minimum T . w. elev = 
2825.6. _41-1' 

B. Scour after 2-112 hours of flow shown 
in A above. 

Figuke 
Report ~y 

if 
I '  

MISSOURI RIVER BASIN PROJECT---hfQNTANA 
Tiber Dam--River Outlet Works 

Recommended Stilling Basin Design 
Scour tests, minimum tail water 

Model Scale 1:15 




